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forms pores of a size sufficient to exclude formation 
?nes from the wellbore. Thereafter, a substantially ?nes 
free hydrocarbonaceous ?uid is produced from the 
wellbore. 
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ACIDIZING METHOD FOR GRAVEL PACKING 
. WELLS 

FIELD OF THE INVENTION 

This invention relates to a sand control method for 
completing wells in poorly consolidated or unconsoli 
dated formations. ’ 

BACKGROUND OF THE INVENTION 

In completing wells in poorly consolidated or uncon 
solidated formations, consideration must be given to 
sand problems likely to arise during the operation of the 
well. The incompetent nature of this type of formation 
requires that a well completion technique include means 
for excluding sand production. Erosion and plugging 
effects of sand entrained in produced ?uids are well 
known and if not arrested can seriously reduce well 
productivity.v 
The propensity of a formation to produce sand is 

particularly acute in formations characterized as uncon 
solidated or poorly consolidated. These terms, as ap 
plied to subterranean sedimentary deposits, de?ne a 
particular class of sedimentary rock, the distinguishing 
characteristic of which is the absence of a rock matrix 
made up of sand grains bound into a cohesive mass. 
A widely used sand control technique is the gravel 

pack installation which operates on the principle of 
forming a sand exclusion zone in surrounding relation to 
the wellbore. The sand exclusion zone composed of 
particularly graded aggregate screens out or bridges the 
formation sand entrained in the produced ?uids. The 
typical gravel pack completion involves the placement 
of aggregate in the immediate vicinity of the wellbore 
and the provision of a support means for maintaining 
the aggregate in place. The aggregate is generally a 
specially graded sand or gravel, but can be other partic 
ulate material such as walnut shells, glass beads, and the 
like. 
The placement of the aggregate immediately adjacent 

to the producing formation presents a major source of 
trouble in performing the gravel pack installation. Pack 
ing gravel into perforations is usually achieved by 
squeeze packing. Squeeze gravel packing is a two-stage 
process which includes (1) transportation of gravel 
slurry down through the pipe; and (2) gravel pack 
buildup at the formation face as ?uid leaks off through 
the formation. In gravel packing of heterogeneous pays, 
frequently those perforations penetrating a lower per 
meability formation are at best partially packed. Addi 
tionally, even when properly packed, ?uids are not 
produced through some perforations because formation 
?nes accumulate in channels of the formation prior to 
gravel packing them. Accumulation of ?nes within 
these channels prevent hydrocarbonaceous ?uids from 
?owing out of the reservoir into the wellbore for pro 
duction to the surface. _ 

Therefore, what is needed is a method to prevent 
?nes from accumulating and plugging perforation chan 
nels prior to gravel packing perforations so as to in 
crease the production of hydrocarbonaceous ?uids 
from a reservoir. 

SUMMARY OF THE INVENTION 

This invention is directed to a method for gravel 
packing a perforated well which penetrates a formation 
or reservoir. In the practice of this invention an acidiz 
ing solution is directed into perforations of a wellbore. 
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This acidizing solution is of a composition and strength 
sufficient to dissolve formation sand or ?nes within the 
perforations as well as channels within the perforations 
which communicate with the formation and transport 
formation ?uids into the wellbore. After the acidizing 
solution has removed the fines, the acidizing solution is 
removed from the wellbore. To prevent the channels 
from again filling with formation sand or ?nes, a consol 
idating agent with permeability retentive characteristics 
is introduced into the wellbore and perforations. 
The consolidating agent consolidates and binds sand 

grains together in said formation adjacent to the perfo 
rations. Having bound the sand grains together, the 
formation area adjacent to the perforations is thus con 
solidated. The concentration and flow rate of the, con- I 
solidating agent is controlled so as to retain a desired 
permeability within the formation sufficient to preclude 
formation fines from plugging channels communicating 
with the formation via the perforations while allowing 
hydrocarbonaceous ?uids to flow into the wellbore. 

After consolidating the formation to preclude ?nes 
from ?owing into channels communicating with the 
perforations, the perforations are packed with a gravel 
packing sand of a size sufficient to further assure that 
formation ?nes will not enter the wellbore with pro 
duced hydrocarbonaceous ?uids. 

It is therefore an object of this invention to effec 
tively clear formation sand or fines from perforation 
channels prior to gravel packing them to prevent said 
channels from plugging. 

It is another object of this invention to increase the 
life and efficiency of perforation gravel packs. 

It is yet another object of this invention to maintain 
high sand- or ?nes~free ?uid productivity from wells. 

It is a yet further object of this invention to provide 
for a more efficient and uniform manner of packing - 
perforations within a wellbore so as to minimize down 
time and repacking operations. 

BRIEF DESCRIPTION OF THE DRAWING 

The drawing is a schematic representation of a well 
bore wherein a gravel pack operation is conducted after 
having acidized channels in the perforations and consol 
idating the formation area adjacent to the perforations. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In the practice of this invention referring to the draw 
ing, an acidizing agent is directed into wellbore 12 
which penetrates sand bearing formation 10. The well 
bore contains a casing 14 and a cement sheath 18. Ce 
ment sheath 18 and casing 14 are penetrated by perfora 
tions 16. Tubing 20 extends down wellbore 12 and has 
affixed thereto slotted liner 2 thus forming annulus 22 
between casing 14 and slotted liner 24. The acidizing 
agent exits slotted liner 24 whereupon it enters annulus 
22 and subsequently perforations 16. Perforations 16 
contain channels (not shown) which communicate with 
formation 10. These channels are cleared of formation 
?nes by the acidizing agent. The acidizing agent is 
?owed through perforations 16 into formation 10 at a 
rate and concentration sufficient to remove formation 
sand or ?nes from the channels. Once sufficient time has 
elapsed to remove formation sand or ?nes from chan 
nels communicating with perforations 16 in formation 
10, the acidizing agent is removed from the wellbore via 
slotted liner 2.4 and tube 20. 
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The acidizing agent which is used herein comprises 
an inhibited acid. Acids which can be utilized include 
hydro?uoric acid, hydrochloric acid, formic acid, 
acetic acid, gel acids and other similar acids known to 
those skilled in the art. As will be understood by those 
skilled in the art, the acid utilized will depend upon the 
composition of the formation ?nes and also the compo 
sition of the formation. As is expected, in most instances 
hydro?uoric acid will be utilized. After the elapse of a ' 
time required to dissolve the formation sand or ?nes 
from the channels of the perforations, the acidifying 
agent is removed from the wellbore. Acid compositions 
which can be used in acidizing sandstone formations are 
disclosed in US. Pat. No. 4,807,703 which issued to 
Jennings, Jr. on Feb. 28, 1989. This patent is hereby 
incorporated by reference herein. 

After removing the acidizing solution from the well 
bore, a sand consolidation agentis introduced into well 
bore 12 in the manner similar to the introduction of the 
acid. The sand consolidation agent which is utilized 
enters the perforations and channels communicating 
therewith and formation 10. The consolidation agent 
which is utilized is able to retain the permeability of the 
formation while permitting hydrocarbonaceous fluids 
to ?ow from formation 10 into wellbore 12 substantially 
sand- or fmes-free. The concentration of the consolida 
tion agent is such as to consolidate and bind sand grains 
in the formation. Bound sand grains thus form a barrier 
to the entry of formation ?nes from the formation into 
channels contained in the perforations. In order to ob 
tain a desired pore size in the channels and formations, 
additional slugs of the consolidation agent are injected 
or introduced into formation 10 via perforations l6 and 
wellbore 12. 
A consolidating agent which can be used herein com 

prises potassium silicate. Of course, as will be under 
stood by those skilled in the art, other alkali metal sili 
cates can be utilized. Although potassium silicate is 
preferred, other alkali metal silicates can be used such as 
sodium, potassium, or lithium. ‘The potassium silicate 
utilized is based on a commercial formulation called 
KASIL® #1 and is obtainable from the Philadelphia 
Quartz Co. This formulation has a weight ratio of SiO; 
to K20 of 2.5 and contains 8.3 weight % of K20 and 
20.8 weight % of SiO;. 

In a preferred embodiment, urea is dissolved into said 
formulation of potassium silicate. The amount of urea 
used will be from about 5 wt % to about 30 wt %. The 
preferred amount is about 10 wt % to about 20 wt %. 
At the elevated temperatures existing in formation 
which are in excess of about 105° F., this consolidating 
agent decomposes to form a permeability retentive ce 
ment which binds and consolidates sand. Since permea 
bility is retained, formation ?uids are permitted to ?ow 
therefrom into the wellbore while preventing the pro 
duction of sand. While a temperature of about 130° to 
about 150° F. is required to decompose this formulation, 
decomposition can occur at a temperature of about 105° 
F. when 10 wt % of formamide is substituted for urea in 
the formulation. Consolidation will occur in from about 
1 hour to about 7 days depending upon the concentra 
tion of urea or formamide utilized. Although the exact 
consolidation mechanism is not known, it is believed 
that urea decomposes in the silicate solution to give 
bicarbonate and ammonia which decreases the pH. 
Lowering of the pH may be caused by the loss of hy 
droxide ions from the urea or formamide. 
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To con?rm the effectiveness of the consolidating 

agent, several tests were run. A 10 wt % of urea was 
placed in a jar containing KASIL #1 potassium silicate. 
When this jar was placed in an oven at a temperature of 
165° F., the silicate decreased in pH from 11.6 to 10.6 as 
the silicate consolidated sand contained in the bottom of 
the jar. As shown in the tests below, various concentra 
tions of urea in the potassium silicate solution were 
found capable of consolidating sand contained in a se 
ries of tests which were carried out at elevated tempera 
tures. It was determined that the consolidation reaction 
was more rapid with increased urea concentration or 
increased temperatures. Before consolidation occurs, 
the solution becomes viscous and in some instances a 
clear gel is observed before a white silicate consolidat 
ing agent appears. A summary of the effect of tempera 
ture and urea concentration on sand consolidating time 
in bottle tests is shown below. 

Urea Concentration Temperature 
(%) ('F.) Consolidation Time 

10 165 6-8 hours 
20 165 l-3 hours 
5 150 4-6.5 days 
10 150 2449.5 hours 
20 150 less than 15.5 hrs 
5 130 not consolidated 
10 130 not consolidated 
20 130 28-92 hours 
10 105 not consolidated 

These tests indicate that a practical lower tempera 
ture limit for this formulation may be between about 
130° and 150° F. However, for lower temperatures 
formamide may be substituted for urea. A 10 wt % of 
formamide in KASIL #1 potassium silicate consoli 
dated sand in a bottle test at 105° F. in two hours. 
The utility of this urea-silicate formation was clearly 

validated in two core tests. In the ?rst test, a core holder 
was packed with 70/140 mesh sand having a permeabil 
ity of 10.9 darcies. The sand was saturated with 2% 
KCl. Next, 3 pore volumes of 10% urea in 75% strength 
KASIL #1 were injected into the core holder at 165° F. 
The core holder was then shut in for 17 hours at 165' F. 
Afterwards, the permeability of the core was measured 
in the core holder as 5.3 darcies. Subsequently, a strong, 
firm, and well-consolidated core was retrieved from the 
core holder. Its strength was measured on a load tester 
as 195 psi. 
A second core run was carried out with all conditions 

identical to those in the first test. The measured permea 
bility was 5.5 darcies. The strength of the core was 
found to be 215 psi. 
These results clearly show that the urea-silicate con 

solidating agent is capable of consolidating sand to give 
strengths high enough to hold back sand production 
while allowing nearly 50% of the permeability to be 
retained, thus allowing substantial oil or gas production 
through the consolidated sand. 

Obviously, other pH lowering materials in place of 
urea or formamide can be used. Also, other metal sili 
cates can be substituted as will be understood by those 
skilled in the art. 

Introduction of the consolidating agent can be con 
tinued until the formation adjacent to the perforations 
has been consolidated to a desired permeability so as to 
allow hydrocarbonaceous ?uid production there 
through while preventing fines or sand production. As 
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will be understood by those skilled in the art, the 
amount of consolidating agent utilized is formation 
dependent and may vary from formation to formation. 
Core samples obtained from an interval to be treated 
can be tested to determine the required pore size and 
amount of consolidation needed. U.S. Pat. No. 
4,549,608 which issued to Stowe et al., teaches a method 
of sand control where clay particles are stabilized along 
a face of a fracture. This patent is hereby incorporated 
by reference herein. _ 
The concentration of the silicate solution should be 

about 10 to about 60 wt percent, preferably 20 to about 
50 wt percent. As will be understood by those skilled in 
the art, the exact concentration should be determined 
for each application. In general, concentrated silicate 
solutions are more viscous and form a stronger consoli 
dation due to a higher content of solids. 
The viscosity of the silicate solution can also deter 

mine the extent to which it will enter an interval of the 
formation to be treated. In those cases where it is not 
possible to control the viscosity of the silicate solution 
and preclude entry into a lower permeability zone, a 
mechanical packer may be used. 
Once the channels within formation 10 and perfora 

tions 16 have been consolidated with the desired 
amount of permeability, any remaining consolidating 
agent is removed from the wellbore. Afterwards, the 
perforations are packed with gravel. Methods for 
gravel packing a well are known to those skilled in the 
art. One such method is a squeeze packing method. A 
method for squeeze packing a wellbore is discussed in 
U.S. Pat. No. 4,842,057. This patent is hereby incorpo 
rated by reference herein. 

In order to obtain an effective gravel pack of perfora 
tions contained in the wellbore, it is necessary that the 
packing sand be transported to the perforations with the 
sand dispensing uniformally therein. For effective 
gravel packing, sand which is transported in a carrier 
liquid should remain dispersed in the carrier liquid until 
it reaches the perforations to be packed. Upon reaching 
the perforations, the sand should uniformally pack 
within the perforations and the liquid should leak-off 
into the formation easily. 
A retrievable gravel packer and retrieving tool which 

can be used in the practice of this invention is discussed 
in U.S. Pat. No. 4,842,057 which issued to Lubiz on Jun. 
27, 1989. This patent is hereby incorporated by refer 
ence herein. Gravel packing sand which can be utilized 
herein will generally have a U.S. sieve size of from 
about 6 to about 70. 
Once the gravel packing operation has been com 

pleted, the well is placed back on production. Fluids 
which ?ow from the formation in the wellbore will be 
substantially f'mes- or sand-free since they are prevented 
from entering the formation by the permeability reten 
tive consolidated sand which has been formed. Thus, 
substantially ?nes free hydrocarbonaceous ?uids will be 
produced from the well to the surface. 
Although the present invention has been described 

with preferred embodiments, it is to be understood that 
modi?cations and variations may be resorted to without 
departing from the spirit and scope of this invention as 
those skilled in the art will readily understand. Such 
modi?cations and variations are considered to be within 
the purview and scope of the appended claims. 
What is claimed is: 
1. A method for gravel packing perforations in a well 

which comprises: 
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6 
a) introducing an acidizing agent into the formation’s 

near-wellbore area via perforations within the well 
which acidizing agent is of a strength suf?cient to 
dissolve formation sand or ?nes in channels con 
tained in said formation and perforations; 

b) introducing thereafter a sand consolidation agent 
into said perforations before said channels are 
blocked with formation sand or fines; 

c) allowing the consolidation agent to remain in the 
perforations for a time sufficient to form a cement 
having a porosity sufficient to prevent formation 
?nes from entering said channels and perforations 
thereby permitting the production of substantially 
?nes free hydrocarbonaceous ?uids to the surface; 
and ‘ 

d) packing said perforations with sand. 
2. The method as recited in claim 1 where the acidiz 

ing agent comprises an acid selected from a member of 
the group consisting of hydro?uoric acid, hydrochloric 
acid, formic acid, acetic acid, gel acids and mixtures 
thereof. 

3. The method as recited in claim 1 where in step c) 
the consolidation agent forms a cement that has permea 
bility retentive characteristics. 

4. The method as recited in claim 1 where said con 
solidation agent comprises an alkali metal silicate hav 
ing a composition therein decomposable at formation 
temperatures in a manner sufficient to bind sand within 
the formation thereby forming a cement with permea 
bility retentive characteristics. 

5. The method as recited in claim 1 where said con 
solidation agent comprises an alkali metal silicate and 
urea or formamide and mixtures thereof which decom 
poses in a manner sufficient to bind sand within the 
formation thereby forming a cement with permeability 
retentive characteristics. 

6. The method as recited in claim 1 where said con 
solidation agent comprises an alkali metal silicate and 
urea or formamide and mixtures thereof which decom 
poses in a manner sufficient to form a cement in from 
about 1 hour to about 7 days at temperature of from 
about 105° F. to about 165° F. 

. 7. The method as recited in claim 1 where said con 
solidation agent comprises an alkali metal silicate and 
urea or formamide and mixtures thereof which decom 
poses at a temperature in excess of about 105° F. thereby 
forming a cement with permeability retentive charac 
teristics. 

8. A method for gravel packing perforations in a well 
which comprises: 

a) introducing an acidizing agent into the formation’s 
near-wellbore area via perforations within the well 
which acidizing agent is of a strength sufficient to 
dissolve formation sand or ?nes in channels con 
.tained in said formation and perforations; 

b) introducing thereafter a one-step sand consolida 
tion agent into said perforations before said chan 
nels are blocked with formation sand or ?nes 
where said agent comprises an alkali metal silicate 
having therein a composition decomposable at 
formation temperatures sufficient to bind sand 
within the formation, thereby consolidating said 
formation while retaining a desired permeability in 
said formation’s near-wellbore area; 

c) allowing the consolidation agent to remain in the 
perforations and near-wellbore area for a time suf?-i 
cient to form a cement having a porosity sufficient 
to prevent formation ?nes from entering said chan 
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nels and perforations thereby permitting the pro 
duction of substantially ?nes free hydrocarbona 
ceous ?uids to the surface; and 

d) performing a gravel packing operation, thereby 
further preventing any escaping sand or ?nes from 
said channels from being produced to the surface. 

9. The method as recited in claim 8 where the acidiz 

ing agent comprises an acid selected from a member of 
the group consisting of hydrofluoric acid, hydrochloric 
acid, formic acid, acetic acid, gel acids and mixtures 
thereof. 
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10. The method as recited in claim 8 where in step c) 

the consolidation agent forms a cement that has permea 
bility retentive characteristics. 

11. The method as recited in claim 8 where in step b) 
said consolidation agent decomposes at a temperature in 
excess of about 105° F. 

12. The method as recited in claim 8 where in step b) 
the decomposable composition comprises urea or form 
amide and mixtures thereof. 

13. The method as recited in claim 8 where in step c) 
a cement is formed in from about 1 hour to about 7 days 
at temperatures of from about 105° F. to about 165° F. 
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